As well as transporting plant proteins and mRNAs, plasmodesmata are also hijacked by viruses to spread infection. In fact, the first proteins found to traffic through plasmodesmata were viral 'movement' proteins, which transport themselves and associated viral nucleic acids from cell to cell [13] . Reasoning that the viral proteins might be evolutionarily derived from plant proteins, the Lucas lab [14] used immunological cross-reactivity to isolate a plant paralog of a viral movement protein, called CmPP16. This protein has only limited sequence similarity to the viral movement protein, but it is similar in being able to transport itself and associated mRNAs from cell to cell and to 'gate' or transiently open the plasmodesmata to allow passage of reporter molecules.
Cell-to-cell communication is a common theme in the regulation of cell fate and physiology in multicellular organisms. In plants, intercellular channels called plasmodesmata transport developmental transcription factors and mRNAs [1] [2] [3] [4] [5] , though to date neither plasmodesmata specific proteins nor any components of the translocation machinery have been identified. Now, a biochemical approach has led to the identification of a potential regulatory component, dubbed non-cell autonomous pathway protein 1 (NCAPP1) [6] . This protein localizes at the cell periphery, close to plasmodesmata, and mutants in NCAPP1 exhibit blocked intercellular protein trafficking as well as interesting developmental phenotypes. These results provide a first glimpse of how the plasmodesmal machinery might operate to selectively transport regulatory protein and RNA molecules between plant cells.
Few structures in plants have been as elusive as plasmodesmata. They were first identified by microscopy over a hundred years ago as small channels traversing the extracellular matrix ('cell wall') to connect adjacent plant cells. Despite numerous attempts to isolate them, until recently biochemical characterization of these channels had been unsuccessful. But recent progress highlights the important roles of plasmodesmata in development and physiology. For example, a number of transcription factors involved in stem cell, flower and root development traffic between cells, and in at least some cases this intercellular movement is required for function of these regulators [3, 5] . Furthermore, specific proteins and mRNAs move in the phloem vascular system [7, 8] , and this long-range movement is correlated with developmental regulation, as shown by induced developmental phenotypes in grafting experiments [9] . Reporter molecules derived from the green fluorescent protein (GFP) have revealed dynamic developmental plasticity in plasmodesmal permeability [10] [11] [12] . So where is the hardware that transports regulatory molecules throughout the plant?
As well as transporting plant proteins and mRNAs, plasmodesmata are also hijacked by viruses to spread infection. In fact, the first proteins found to traffic through plasmodesmata were viral 'movement' proteins, which transport themselves and associated viral nucleic acids from cell to cell [13] . Reasoning that the viral proteins might be evolutionarily derived from plant proteins, the Lucas lab [14] used immunological cross-reactivity to isolate a plant paralog of a viral movement protein, called CmPP16. This protein has only limited sequence similarity to the viral movement protein, but it is similar in being able to transport itself and associated mRNAs from cell to cell and to 'gate' or transiently open the plasmodesmata to allow passage of reporter molecules.
In an ambitious extension of these studies, CmPP16 was used as a probe to isolate interacting proteins as candidate components of the plasmodesmal translocation machinery [6] . A cell-wall-enriched fraction was isolated from actively growing cell cultures, and from this a plasmodesmal-protein-enriched fraction was extracted. This fraction was subject to affinity purification using immobilized CmPP16 protein, leading to the identification of a protein of ~40 kDa that also bound specifically to CmPP16 in overlay assays. Microsequencing and cDNA isolation revealed that this protein, NCAPP1, is related to a previously reported protein, GP40 [15] . The two proteins both exhibit up to 45% amino acid identity over 85% of their length with bacterial aldose 1-epimerases, though their potential enzymatic activity has not been tested.
NCAPP1 has a predicted non-cleavable signal peptide at its amino terminus, which could act as a transmembrane domain to anchor the protein in the endoplasmic reticulum (ER). Fluorescent protein tagging, coupled with immuno-gold localization of the tagged protein, confirmed its localization to the peripheral ER. According to the authors' model [6] , NCAPP1 is anchored in the ER membrane with the bulk of the protein exposed to the cytoplasm where it interacts with proteins moving towards the plasmodesmal pore. Whether NCAPP1 is part of a stable plasmodesmal architecture, or rather acts as a mobile receptor and moves along the ER membrane to deliver its cargo to plasmodesmata, is not clear. The architecture of an analogous structure, the nuclear pore, includes spokes that radiate out into the cytoplasm and nucleoplasm, with some components as much as 50 nm away from the pore itself [16] ; the immuno-gold labeling of NCAPP1 showed it to be on the order of 200 nm or more away from the plasmodesmata pore. Curiously, the closely related GP40 protein resides at the nuclear periphery and is hypothesized to play a role in nuclear import, though this has not been tested [15] . These observations lend support to an idea that nuclear and plasmodesmal trafficking might be mechanistically related [17] .
Functional confirmation of a role for NCAPP1 in plasmodesmal trafficking came from microinjection experiments [6] . Co-injection of an amino-terminally truncated version of NCAPP1, lacking the putative transmembrane region, blocked the ability of CmPP16 to move from cell to cell or to increase the plasmodesmata size exclusion limit. This inhibition was observed even when the relative molarity of the truncated NCAPP1 was 1/200 th that of CmPP16, suggesting that the truncated protein acted by a dominant-negative mechanism, forming a dysfunctional complex with the translocation machine.
Recent studies have highlighted the importance of plasmodesmata for developmental regulation, so Lee et al. [6] explored the potential developmental role of NCAPP1 in transgenic plants. They found that overexpression of dominant-negative NCAPP1, or silencing of the endogenous gene, caused similar phenotypes. These included a loss of organ symmetry, fusion of organs and altered cell-fate specification in the leaf epidermis. Inflorescence development also frequently terminated prematurely with a terminal flower. In these transgenic plants, exogenously introduced CmPP16 or tobacco mosaic virus movement protein were unable to increase plasmodesmal permeability. But other proteins that traffic through plasmodesmata, such as KNOTTED1 (KN1) or cucumber mosaic virus movement protein, were not affected, suggesting either that NCAPP1 does not play a role in the trafficking of these proteins or that redundant factors are able to complement NCAPP1 function.
A number of models can explain how the inhibition of NCAPP1 function leads to the diverse developmental phenotypes. The organ-fusion phenotype may result from an inability to maintain developmental boundaries in the meristem, a hypothesis proposed for the role of trafficking of the KN1 homeodomain protein [18] . Loss of plasmodesmal targeting might also limit the spread of certain proteins and reduce their domain of activity. There is a paradox here, however, as the floral phenotypes of the NCAPP1 mutant plants actually resemble those of plants ectopically expressing the LEAFY transcription factor outside its normal expression domain. As LEAFY itself can traffic from cell to cell, it is not immediately obvious how blocking LEAFY trafficking could cause its protein localization domain to expand, but this might occur by an indirect mechanism, for example if LEAFY trafficking itself was unaffected but the trafficking of a negative regulator was blocked in the NCAPP1 transgenic plants. Future work should clarify the involvement of NCAPP1 in specific developmental pathways.
What are the prospects for a complete structure-function model of plasmodesmata? With the discovery of NCAPP1 and other candidate plasmodesmata-associated proteins [19] , progress is clearly being made. If we continue with the analogy to the nuclear pore complex, however, there may be a long way to go. These structures of ~125 MDa are composed of over a hundred different proteins, not including the shuttling receptor proteins and some as yet to be identified components of the central core [16] . As in that system, a combination of genetics and proteomics will hopefully break down plasmodesmata and reveal their inner secrets. Much remains to be done, but the discovery of NCAPP1 provides a hopeful light at the beginning of the tunnel.
